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(54) OPTICAL DISK, AND METHOD AND APPARATUS FOR INFORMATION REPRODUCTION 



(57) The present invention relates to an optical disc 
having a protection layer for protecting a recording layer 
located farther from a substrate, of a first recording layer 
and a second recording layer provided as being stacked 
on one side of the substrate, wherein the reflectance of 
one of the first and second recording layer is made high- 
er than the reflectance of the other recording layer, and 
a reproducing device which uses this optical disc. The 
reproducing device casts a light beam emitted from a 
single light source onto the first recording layer or the 



second recording layer via a single objective lens, dis- 
criminates which of the first recording layer and the sec- 
ond recording layer the light beam emitted from the light 
source is cast on, on the basis of the result of detection 
of a reflected beam from the first recording layer or the 
second recording layer, moves the objective lens In a 
direction parallel to the optical axis ofthe objective lens 
on the basis ofthe result of discrimination, and condens- 
es the light beam on the first recording layer or the sec- 
ond recording layer so as to carry out reproduction of 
information. 
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Description 

Technical Field 

[0001] This invention relates to an optical disc and an 
optical disc reproducing device which uses this optical 
disc, and particularly to an optical disc which has a plu- 
rality of recording layers and an optical disc reproducing 
device which uses this optical disc. 

Background Art 

[0002] Conventionally, as a recording medium for var- 
ious types of infonnation such as audio information and 
video infomnation, there has been broadly used an op- 
tical disc such that infonnation recorded thereon is re- 
produced using a laser beam. For this type of optical 
disc, an optical disc having multiple recording layers has 
been proposed in order lo realize further increase in the 
quantity of infomnation that can be recorded. 
[0003] As an optical disc having multiple recording 
layers, there has been proposed an optical disc as de- 
scribed In the Japanese Publication of Unexamined Pat- 
ent Application No. Hel 8-235641. 
[0004] In the optical disc 1 described In this publica- 
tion, a first recording carrier 4a constituted by forming a 
first recording layer 3a on one side of an optically trans- 
parent first substrate 2a and a second recording carrier 
4b constituted by forming a second recording layer 3b 
on one side of an optically transparent second substrate 
2b are arranged in such a manner that the sides where 
the first and second recording layers 3a and 3b are 
formed face each other, and these first and second re- 
cording carriers 4a and 4b are joined with each other via 
an optically transparent adhesive layer 5, as shown in 
Fig. 1. 

[0005] On the side where the first and second record- 
ing layers 3a and 3b are formed, of the first and second 
substrates 2a and 2b constituting the first and second 
recording carriers 4a and 4b, infonnation such as video 
infonnation is recorded in the form of pit patterns 6a and 
6b made of minute recesses and protrusions. On the pit 
pattern 6a provided on the first recording carrier 4a, the 
first recording layer 3a is fonned by depositing a semi- 
transparent film of SIO, SIO2 or the like along the pit pat- 
tern 6a by evaporation or sputtering. The first recording 
layer 3a has a reflectance of 20 to 50% and an optical 
transmittance of 30 to 80%. On the pit pattern 6b pro- 
vided on the second recording carrier 4b, the second 
recording layer 3b is formed by depositing an aluminum 
evaporation film along the pit pattern 6b. The second 
recording layer 3b has a reflectanco of 60% or higher, 
but the reflectance of a laser beam transmitted through 
the first recording layer 3a and reflected by the second 
recording layer 3b is 20 to 50%. 
[0006] With such an optical disc 1 having the first re- 
cording layer 3a which is optically semitransparent, in- 
formation recorded on the second recording layer 3b 



can be reproduced by casting a laser beam L2 from the 
same direction as the direction of casting a laser beam 
L-i to the first recording layer 3a, as shown in Fig. 1 . In 
this case, selection of either the information recorded 
5 on the first recording layer 3a or the infonnation record- 
ed on the second recording layer 3b is carried out by 
changing the focal positions of the laser beams and 
L2 cast onto the optical disc 1 . 

[0007] As another optical disc having multiple record- 

10 ing layers, an optical disc as shown in Fig. 2 has been 
proposed. In this optical disc 11 , a first recording carrier 
1 4a constituted by forming a first recording layer 1 3a on 
one side of an optically transparent first substrate 12a 
and a second recording carrier 14b constituted by form- 

is ing a second recording layer 13b on one side of an op- 
tically transparent second substrate 12b are joined with 
an adhesive layer 15 made of an optically transparent 
ultraviolet-cured resin orthe like, as shown in Fig.2. The 
first and second recording layers 1 4a and 1 4b are Joined 

20 in parallel In such a manner that the second substrate 
12b is located on the first recording layer 13a. On the 
second recording layer 13b, a protection layer 17 for 
protecting the second recording layer 13b is provided. 
[0008] On the sides where the first and second re- 

25 cording layers 13a and 13b are formed, of the first and 
second substrates 12a and 12b constituting the first and 
second recording carriers 14a and 14b, information 
such as audio information is recorded In the form of pit 
patterns 1 6a and 1 6b made of minute recesses and pro- 

30 trusions. On the pit pattern 1 6a provided on the first re- 
cording carrier 14a, the first recording layer 13a having 
wavelength selectivity is formed along the pit pattern 
1 6a. The first recording layer 1 3a Is formed, for example, 
as a five-layer film made up of Si3N4, SiOg, Si3N4, SIO2, 

55 and SisN^. The first recording layer 13a has a reflect- 
ance of approximately 34% for a laser beam with a 
wavelength of 635 nm, and has a reflectance of approx- 
imately zero for a laser beam with a wavelength of 780 
nm and thus substantially transmits this laser beam. 

40 [0009] On the pit pattern 1 6b provided on the second 
recording carrier 14b, the second recording layer 13b is 
formed by depositing an aluminum evaporation film with 
a high reflectance along the pit pattern 1 6b. The second 
recording layer 13b has a reflectance of 80% or higher 

45 for the laser beam transmitted through the first recording 
layer 13a. The second recording layer13b has a reflect- 
ance of 84% or higher for the laser beam with a wave- 
length 780 nm, which is substantially transmitted 
through the first recording layer 13a, and has a reflect- 

50 ance of approximately 38% for the laser beam with a 
wavelength of 635 nm, which is reflected approximately 
34% through the first recording layer 13a. 
[0010] In the optical disc 1 1 thus constituted, informa- 
tion recorded on the first and second recording layers 

55 13a and 13b is reproduced by casting a laser beam from 
the side of the substrate 1 2a of the first recording carrier 
14a. In this case, if a laser beam Lq with a wavelength 
of 780 nm is used as a laser beam for reading the infor- 
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mation, this laser beam is transmitted through the first 
recording layer 13a and cast onto the second recording 
layer 13b, and a return laser beam reflected from the 
second recording layer 13b is obtained. By detecting 
this return laser beam, the infomnation such as audio 
infomriation recorded on the second recording layer 1 3b 
is read and reproduced. The laser beam L3 with a wave- 
length of 780 nm is what is used for reproduction of an 
optical disc using a reproduction-type optical disc with 
a diameter of 12 cm, that is, a so-called compact disc, 
as a recording medium. Therefore, the information re- 
corded on the second recording layer 13b can also be 
reproduced by a general-purpose optical disc reproduc- 
ing device. 

[001 1 ] If a laser beam L4 with a wavelength of 635 nm 
Is cast from the side of the substrate 1 2a of the first re- 
cording carrier 14a, a return laser beam reflected from 
the first recording layer 13a and the second recording 
layer 13b can be obtained. Specifically, since the first 
recording layer 1 3a has a reflectance of approximately 
34% for the laser beam with a wavelength of 635 nm, 
this laser beam is transmitted through the first recording 
layer 13a and becomes incident on the second record- 
ing layer 1 3b, and a return laser beam reflected from the 
second recording layer 1 3b is obtained. The reflectance 
for the laser from the second recording layer 13b In this 
case is approximately 34%. 

[001 2] In this optical disc 1 1 , by using the laser beam 
L4 with a wavelength of 635 nm and setting the focal 
position of the laser beam L4 on the first or second re- 
cording layer 13a or 13b, the Information recorded on 
the first or second recording layer 13a or 13b can be 
reproduced. 

[0013] In the optical disc 1 shown in Fig. 1 In which 
the first and second recording carriers 4a and 4b are 
joined in such a manner that the sides having the first 
and second recording layers 3a and 3b formed thereon 
face each other, reproduction of the information record- 
ed on the first or second recording layer 3a or 3b can 
be selectively carried out by setting the focal position of 
the laser beam cast onto the optical disc 1 to the first or 
second recording Iayer3a or 3b, as described above. In 
the optical disc 1 , since the first and second recording 
layers 3a and 3b are arranged closely to each other, a 
detection error tends to occur in the case of detecting 
the focal position of the laser beam and detecting the 
first or second recording layer 3a or 3b. Therefore, it is 
difficult to securely focus the laser beam to a desired 
one of the first and second recording layers 3a and 3b, 
and to accurately reproduce desired infomnation. 
[0014] It is conceivable to detect the difference in re- 
flectance between the first and second recording layers 
3a and 3b and thus detect which of the first and second 
recording layers 3a and 3b is the layer on which the laser 
beam cast on the optical disc 1 is focused, thus selecting 
the first or second recording layer 3a or 3b. However, in 
this optical disc 1 , since the first and second recording 
layers 3a and 3b have substantially the same reflect- 



ance for the laser beam cast on the optical disc 1, the 
difference in reflectance for the laser beam cannot be 
used for selecting the first or second recording layer 3a 
or 3b. 

5 [0015] Meanwhile, in the optical disc 11 shown in Fig. 
2 which has the first recording layer 13a having wave- 
length selectivity, the infonnation recorded on the first 
recording layer 13a can be reproduced by a general- 
purpose optical disc reproducing device which uses the 

10 above-described compact disc as a recording medium, 
but a dedicated optical disc reproducing device which 
uses a laser beam with a wavelength of 635 nm is re- 
quired for reproducing the information recorded on the 
first and second recording layers 13a and 13b. In the 

15 optical disc 1 1 , too, the first and second recording layers 
1 3a and 1 3b have substantially the same reflectance for 
the laser beam cast onto the optical disc 11 , and there- 
fore detection of the difference in reflectance for the la- 
ser beam cannot be used for selecting the first or second 

20 recording layer 1 3a or 1 3b. 

[0016] As described above, though the conventionally 
proposed optical discs realize an increase in the quan- 
tity of recording information by providing multiple record- 
ing layers, it is difficult to select each recording layer and 

25 accurately focus a laser beam onto the selected record- 
ing layer. Therefore, it Is not possible to easily and ac- 
curately reproduce desired information. 

Disclosure of the Invention 

30 

[0017] Thus, In view of the foregoing status of the art, 
it is an object of the present invention to provide an op- 
tical disc and an optical disc reproducing device which 
enable realization of multiple recording layers for In- 

35 creasing the recording capacity and accurate reproduc- 
tion of information recorded in each recording layer. 
[0018] It is another object of the present invention to 
provide an optical disc and an optical disc reproducing 
device which enable easy and accurate selection of a 

40 desired signal recording layer and accurate reproduc- 
tion of desired information, using the difference In re- 
flectance. 

[0019] It is stilt another object of the present invention 
to provide an optical disc and an optical disc reproducing 

45 device which enable selective reproduction of a plurality 
of signal recording layers using a single laser beam. 
[0020] It is slill another object of the present invention 
to provide a highly general-purpose optical disc which 
enables reproduction by an optical disc reproducing de- 

50 vice using a conventionally used compact disc as a re- 
cording medium. 

[0021] It is still another object of the present invention 
to provide an optical disc which can be easily manufac- 
tured while realizing increase in the quantity of recording 
55 information. 

[0022] It is a further object of the present invention to 
provide an optical disc reproducing device of a simple 
structure which enables simplification of the structure of 
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an optical pickup used for reproducing information. 
[0023] An optical disc according to the present inven- 
tion connprises: at least a first recording layer and a sec- 
ond recording layer provided as being stacked on one 
side of a substrate; and a protection layer for protecting 
the recording layer located farther from the substrate, of 
the first recording layer and the second recording layer; 
wherein the reflectance of one of the first recording layer 
and the second recording layer is made higher than the 
reflectance of the other recording layer 
[0024] In this optical disc, the reflectance of the re- 
cording layer located farther from the substrate, of the 
first recording layer and the second recording layer, is 
made higher than the reflectance of the recording layer 
located closer to the substrate, of the first recording lay- 
er and the second recording layer. 
[0025] The optical disc according to the present In- 
vention further comprises an optically transparent layer 
provided between the first recording layer and the sec- 
ond recording layer. This optically transparent layer can 
be used for joining the first recording layer with the sec- 
ond recording layer. 

[0026] Another optical disc according to the present 
invention comprises: a first recording layer provided on 
one side of a substrate; a second recording layer pro- 
vided in parallel to the first recording layer; and a pro- 
tection layer for protecting the recording layer located 
farther from the substrate, of the first recording layer and 
the second recording layer; wherein the reflectance of 
one of the first recording layer and the second recording 
layer is made higher than the reflectance of the other 
recording layer. 

[0027] A reproducing device according to the present 
invention uses, as a recording medium, an optical disc 
comprising at least a first recording layer and a second 
recording layer provided as being stacked on one side 
of a substrate, and a protection layer for protecting the 
recording layer located farther from the substrate, of the 
first recording layer and the second recording layer, 
wherein the reflectance of one of the first recording layer 
and the second recording layer is made higher than the 
reflectance of the other recording layer. The reproducing 
device comprises: a single light source for emitting a 
light beam to be cast onto the optical disc; and a single 
objective lens for condensing the laser beam emitted 
from the light source to the first recording layer or the 
second recording layer via the substrate. 
[0028] The reproducing device further comprises: a 
photodetector for receiving a retum light from the first 
recording layer or the second recording layer; a driving 
section for driving the objective lens at least in a direc- 
tion parallel to the optical axis of the objective lens; and 
a control section for controlling the driving section to 
condense the light beam emitted from the light source 
onto either the first recording layer or the second record- 
ing layer 

[0029] An optical disc reproducing method according 
to the present Invention comprises the steps of: casing 



a light beam emitted from a single light source to an op- 
tical disc via a single objective lens, the optical disc com- 
prising at least a first recording layer and a second re- 
cording layer provided as being stacked on one side of 

5 a substrate, and a protection layer for protecting the re- 
cording layer located farther from the substrate, of the 
first recording layer and the second recording layer, 
wherein the reflectance of one of the first recording layer 
and the second recording layer is made higher than the 

10 reflectance of the other recording layer; discriminating 
which of the first recording layer and the second record- 
ing layer the light beam emitted from the light source is 
cast on, on the basis of the result of detection of a re- 
flected beam from the first recording layer or the second 

15 recording layer; and moving the objective lens in a di- 
rection parallel to the optical axis of the objective lens 
on the basis of the result of discrimination so as to con- 
dense the light beam emitted from the light source onto 
the first recording layer or the second recording layer, 

20 thus reproducing infomnation recorded on the first or 
second recording layer 

[0030] The other objects and advantages of the 
present invention will be clarified further In the following 
description of embodiments. 

25 

Brief Description of the Drawings 

[0031] Fig. 1 is a cross-sectional view showing a con- 
ventional optical disc. 
30 [0032] Fig. 2 is a cross-sectional view showing anoth- 
er example of the conventional optical disc. 
[0033] Fig. 3 is a cross-sectional view showing an op- 
tical disc according to the present invention. 
[0034] Fig.4 is a cross-sectional view showing anoth- 
35 er example of the optical disc according to the present 
invention. 

[0035] Fig. 5 shows the state where a laser beam is 
cast onto first and second recording layers of the optical 
disc according to the present Invention and where the 
40 laser beam is reflected from the first and second record- 
ing layers. 

[0036] Fig. 6 is a block circuit diagram showing an op- 
tical disc reproducing device in which the optical disc 
according to the present invention is used. 

45 

Best Mode for Carrying Out the Invention 

[0037] An optical disc according to the present inven- 
tion and an optical disc reproducing device using this 
50 optical disc as a recording medium will now be de- 
scribed with reference to the drawings. 
[0038] An optical disc 21 according to the present in- 
vention has a substrate 22 using an optically transparent 
synthetic resin such as a polycarbonate resin or glass, 
55 as shown in Fig. 3. On one side of the substrate 22, a pit 
pattern 23 is provided, which is a minute recess/protru- 
sion pattern corresponding to recording information. In 
the case where the substrate 22 is made of a synthetic 
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resin, the pit pattern 23 is formed simultaneously with 
the injection-molding of the substrate 22. In the case 
where the substrate 22 is made of glass, the pit pattern 

23 is formed by using a 2P {photo polymerization) meth- 
od. In the 2P method, an optically cured resin such as 
an ultraviolet-cured resin is filled between the glass sub- 
strate and a disc tamper, and the optically cured resin 
is cured by optical irradiation from the side of the glass 
substrate, thus forming a recess/protrusion pattern. 
[0039] The substrate 22 used for the optical disc 21 
of this embodiment is fonned by injection-molding a 
polycarbonate resin, and recording information is re- 
corded as the pit pattern 23 on one side of the substrate 
22. The substrate 22 has a thickness of approximately 
1.2 mm, similarly to the substrate of a conventionally 
used optical disc with a diameter of 12 cm, that is, a so- 
called compact disc. 

[0040] On the one side of the substrate 22 where the 
pil pattern 23 is formed, a first recording layer 24 is pro- 
vided along the pit pattern 23, as shown in Fig.3. The 
first recording layer 24 is fonned as a semitransparent 
film which transmits a predetermined quantity of a laser 
beam cast from the side of the substrate 22 and reflects 
a predetermined quantity thereof. The first recording 
layer 24 is formed by depositing a silicon-based film of 
Si3N4, Si02 and the like with a thickness of approximate- 
ly 100 to 500 nm. In this case, the first recording layer 

24 is formed by depositing the Si3N4 film and the SiOg 
film in multiple layers. The Si3N4film and the Si02 film 
constituting the first recording layer 24 are deposited by 
a vacuum evaporation method or a sputtering method. 
[0041] On the first recording layer 24, a second re- 
cording layer 26 is formed via an optically transparent 
layer 25 made of an ultraviolet-cured resin or the like. 
The optically transparent layer 25 Is fonned to have a 
predetemnined th ickness since it serves to optically sep- 
arate the first recording layer 24 and the second record- 
ing layer 26 so that these recording layers 24 and 26 
are not located within the depth of focus of an objective 
lens which converges and casts a laser beam to the re- 
cording layers 24 and 26. Specifically, the optically 
transparent layer 25 is formed with a thickness of ap- 
proximately 30 ixm. If the optically transparent layer 25 
is thinner, the optically transparent layer 25 cannot suf- 
ficiently separate the reflected light from the first record- 
ing layer 24 and the reflected light from the second re- 
cording layer 26 and it is difficult to accurately detect 
each reflected light. On the other hand, if the optically 
transparent layer 25 Is too thick, It may generate spher- 
ical aberration or the like. Therefore, an appropriate 
thickness is selected in consideration of these charac- 
teristics. 

[0042] The optically transparent layer 25 is formed by 
applying an ultraviolet-cured resin or the like by a spin 

coat method. Alternatively, the optically transparent lay- 
er 25 may be formed by stacking an ultraviolet-cured 
resin or the like with a thickness of approximately 5 to 
10 Jim for a plurality of times. The optically transparent 



layer 25 may also be formed by attaching a transparent 
sheet. 

[0043] On one side of the optically transparent layer 

25, a pit pattern 27 is fomned, which is a minute recess/ 
5 protrusion pattern corresponding to information record- 
ed on the second recording layer 26. The pit pattern 27 
can be formed by the above-described 2P method used 
for forming a pit pattern on the glass substrate. 
[0044] The second recording layer 26 is formed as it 

10 is stacked along the pit pattern 27 formed on one side 
of the optically transparent layer 25. The second record- 
ing layer 26 is formed by depositing a film made of a 
material capable of securing a high reflectance such as 
aluminum (Al), gold (Au), silver (Ag) or the like, in order 

15 to efficiently reflect a laser beam transmitted through the 
first recording layer 24 and cast onto the second record- 
ing layer 26, to an optical pickup located on the side of 
the substrate 22. On the second recording layer 26, a 
protection layer 28 made of an ultraviolet-cured resin or 

20 the like is provided for protecting the surface of the sec- 
ond recording layer 26. The protection layer 28 is formed 
by applying the ultraviolet-cured resin or the like by spin- 
coating and then irradiating the resin with ultraviolet rays 
to solidify the rosin. 

25 [0045] In the above-described optical disc 21 , the sec- 
ond recording layer 26 is formed by using the above- 
described 2P method. However, as shown in Fig. 4, a 
sheet member 31 which has the pit pattern 27 formed 
on its one side and which has the second recording layer 

30 26 fomned in advance along the pit pattern 27 by depos- 
iting a film made of a material capable of securing a high 
reflectance such as aluminum (Al), gold (Au), silver (Ag) 
or the like may be joined onto the first recording layer 
24. The sheet member 31 is joined onto and In parallel 

35 to the first recording layer 24 in such a manner that the 
second recording layer 26 faces the first recording layer 
24. In this case, the optically transparent layer 25 made 
of an ultraviolet-cured resin or the like is used as an ad- 
hesive layer. 

40 [0046] The sheet member 31 can be formed by using 
a synthetic resin such as a polycarbonate resin or the 
like. In the optical disc 21 which uses the sheet member 
31 to constitute the second recording layer 26, the sheet 
member 31 functions as a protection layer for the sec- 

^3 ond recording (ayer 26 and therefore it Is not necessary 
to separately provide a protection layer 
[0047] Meanwhile, since the optical disc 21 according 
to the present invention Is adapted for reproducing the 
information recorded on the first and second recording 

50 layers by casting a laser beam from the side of the sub- 
strate 22 and then detecting a return light beam reflected 
from the first and second recording layers 24 and 26 by 
a photodetector arranged on the side of the substrate, 
the first recording layer 24 is formed as a semltranspar- 

55 ent film which enables transmission of a predetermined 
quantity of the laser beam to the second recording layer 

26, and the second recording layer 26 is formed to effi- 
ciently reflect the laser beam transmitted through the 
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first recording layer 24 and cast onto the second record- 
ing layer 26, That is, the reflectance of the second re- 
cording layer 26 Is made higher than the reflectance of 
the first recording layer 24. 

[0048] More specifically, the first recording layer 24 of 
the optical disc 21 according to the present Invention 
has a reflectance of 1 1 % and the second recording layer 
26 has a reflectance of 99%. On the assunnption that the 
substrate 22 made of a polycarbonate resin has a dtffu- 
sivity/absorptivity of 5% for a laser beam, when a laser 
beam L5 is made incident from the side of the substrate 
22, 10% of the laser beam is reflected as a return laser 
beam Lq from the first recording layer 24 and B5% is 
transmitted through the recording layer 24 and becomes 
incident on the second recording layer 26, as shown in 
Fig. 5. Since the optically transparent layer 25 has a dif- 
fusivlty/absorptlvlty of substantially zero for a laser 
beam, most of the laser beam Is incident on the second 
recording layer 26. The laser beam L7 incident on the 
second recording layer 26 is reflected by the second re- 
cording layer 26 having the reflectance of 99% and thus 
becomes a return laser beam L3, which Is then transmit- 
ted through the first recording layer 24 having the re- 
flectance of 11% and the substrate 22 having the diffu- 
sivity/absorptivity of 5% and outputted to the outside of 
the optical disc 21 . The return rate of the laser beam Lg 
reflected from the second recording layer 26 is approx- 
imately 71 % of the laser beam L5, which is the first laser 
beam incident on the substrate 22. 
[0049] As another example of the optical disc 21 ac- 
cording to the present Invention, on the assumption that 
the first recording layer 24 has a reflectance of 20% and 
that the second recording layer 26 has a reflectance of 
99%, 1 8% of the first laser beam L5 incident on the sub- 
strate 22 from the first recording layer 24 is reflected as 
the return laser beam Lg, and approximately 57% of the 
first laser beam L5 incident on the substrate 22 from the 
second recording layer 26 is reflected as the return laser 
beam Lg. 

[0050] By thus making the difference in reflectance 
between the first recording layer 24 and the second re- 
cording layer 26, a large light quantity difference can be 
provided between the return laser beams L5 and L3 cast 
onto the optical disc 21 and reflected from the first and 
second recording layers 24 and 26. By detecting the 
light quantity difference between the return laser beams 
Lg and Lg of the laser beam L5 incident on the optical 
disc 21 , which of the first and second recording layers 
24 and 26 the laser beam L5 incident on the optical disc 
21 is focused on can be easily detected. 
[0051 ] To securely detect the first or second recording 
layer 24 or 26 by detecting the light quantity difference 
between the return laser beams Lg and Lg reflected from 
the first and second recording layers 24 and 26, it is de- 
sired that there is a difference of approximately 15% or 
more between the reflectance of the first recording layer 
24 and that of the second recording layer 26. As the dif- 
ference of approximately 1 5% or more In the reflectance 



is provided, even in the case where the substrate 22 
having a diffusivity/absorptlvity of approximately 5% for 
a laser beam Is used, a light quantity difference of 1 0% 
or more can be secured between the return laser beams 

5 Lg and Lg reflected from the first and second recording 
layers 24 and 26, and detection of the first or second 
recording layer 24 or 26 can be securely carried out by 
detecting the light quantity difference between the return 
laser beams Lg and Lg. 

10 [0052] In the optical disc 21 , by setting the reflectance 
of the second recording layer 26 at 50% or higher when 
the reflectance of the first recording layer 24 is 11%, 
10% of the laser beam L5 incident on the optical disc 21 
from the first recording layer 24 can be obtained as the 

IS return light beam Lg while approximately 37% of the la- 
ser beam L5 incident on the optical disc 21 from the sec- 
ond recording layer 26 can be obtained as the return 
laser beam Lg. By setting the reflectance of the second 
recording layer 26 at 50% or higher when the reflectance 

20 of the first recording layer 24 Is 20%, 18% of the laser 
beam L5 incident on the optical disc 21 from the first re- 
cording layer 24 can be obtained as the return light 
beam Lg white a return light quantity of approximately 
28% of the laser beam L5 incident on the optical disc 21 

25 from the second recording layer 26 can be obtained. 
Thus, a light quantity difference of 10% or more can be 
secured between the return laser beams Lg and Lg re- 
flected from the first and second recording layers 24 and 
26, and detection of the first or second recording layer 

30 24 or 26 can be securely carried out by detecting the 
light quantity difference between the return laser beams 
Lg and Lg. 

[0053] Moreover, in the optical disc 21 , by setting the 
reflectance of the second recording layer 26 at 50% or 

35 higher when the reflectance of the first recording layer 
24 is 30% or lower, at least 28% of the laser beam L5 
incident on the optical disc 21 from the first recording 
layer 24 can be obtained as the return light beam Lg 
while approximately 9% or more of the laser beam L5 

40 incident on the optical disc 21 from the second recording 
layer 26 can be obtained as the return laser beam Lg. 
[0054] By thus setting the reflectance of the first re- 
cording layer 24 for the first laser beam L5 incident ther- 
eon to 30% or lower, and securing the reflectance of 

-^5 50% or more as the reflectance of the second recording 
layer 26 for the laser beam L7 transmitted through the 
first recording layer 24 and incident on the second re- 
cording layer 26, the return laser beam Lg of approxi- 
mately 9% or more can be obtained from the second 

50 recording layer 26 while a light quantity difference of 
10% or more can be secured between the return laser 
beams Lg and Lg reflected from the first and second re- 
cording layers 24 and 26. As the return laser beam Lg 
of at least 9% or more is obtained, it is possible to re- 

55 produce the information recorded on the first and sec- 
ond recording layers 24 and 26 by an optical disc repro- 
ducing device using a conventional write-once compact 
disc. 
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[0055] In the optical disc 21, the first recording layer 
24 is formed as a low-reflectance layer with a reflect- 
ance of 30% or lower and the return light quantity from 
the second recording layer 26 is made greater than the 
return light quantity from the first recording layer 24. 
However, the relation between the retum light quantities 
of the first and second recording layers 24 and 26 may 
be the reverse. 

[0056] For example, if the reflectance of the first re- 
cording layer 24 is 78% and the reflectance of the sec- 
ond recording layer 26 is 99%, approximately 70% ofthe 
original laser beam is reflected from the first recording 
layer 24 as the return laser beam Lq and approximately 
4% is reflected from the second recording layer 26 as 
the return laser beam Lg. 

[0057] On the other hand, If the reflectance of the first 
recording layer 24 is 60% and the reflectance of the sec- 
ond recording layer 26 is 99%, approximately 54% of 
the original laser beam is reflected from the first record- 
ing layer 24 as the return laser beam L5 and approxi- 
mately 15% is reflected from the second recording layer 
26 as the return laser beam L3. 

[0058] Furthermore, if the reflectance of the first re- 
cording layer 24 is 50% and the reflectance of the sec- 
ond recording layer 26 is 99%, approximately 45% of 
the original laser beam is reflected from the first record- 
ing layer 24 as the return laser beam Lg and approxi- 
mately 21 % is reflected from the second recording layer 
26 as the return laser beam Lq. 
[0059] In this case, too, a light quantity difference of 
10% or more can be secured between the return laser 
beams Le and Lq reflected from the first and second re- 
cording layers 24 and 26, and detection of the first or 
second recording layer 24 or 26 can be securely carried 
out by detecting the light quantity difference between the 
return laser beams Lg and Lq. 

[0060] An optical disc reproducing device for repro- 
ducing the optical disc 21 having the first and second 
recording layers 24 and 26 with different reflectances as 
described above has a spindle motor 50 for rotationally 
driving the optical disc 21 , and an optical pickup 32 for 
scanning with a laser beam L the first or second signal 
recording layer 24 or 26 of the optical disc 21 rotationally 
driven by the spindle motor 50, thus reading the infor- 
mation recorded on the first or second signal recording 
layer 24 or 26, as shown in Fig. 6. The optical pickup 32 
is shifted in the radial direction of the optical disc 21 by 
a pickup shift mechanism 33. 

[0061] The optical pickup 32 has a semiconductor la- 
ser 34 as a light source for emitting a laser beam L to 
be incident on the optical disc 21 , for example, a laser 
beam with a wavelength of 780 nm, an optical element 
such as an objective lens 35 for selectively converging 
and casting the laser beam L emitted from the semicon- 
ductor laser 34 to the first or second signal recording 
layer 24 or 26, and a photodetector 36 for detecting a 
retum laser beam reflected from the first or second sig- 
nal recording layer 24 or 26. The objective lens 35 is 



12 

supported by an actuator 37 so as to be displaceable In 
two directions orthogonal to each other, that is, a focus- 
ing direction parallel to the optical axis of the objective 
lens 35 and a tracking direction in the planar direction 

5 orthogonal to the optical axis of the objective lens 35, 
and is driven and displaced In the focusing direction and/ 
or the tracking direction on the basis of a focusing error 
signal and/or a tracking error signal obtained by detect- 
ing the return laser beam. 

10 [0062] The focal position of the objective lens 35 with 
respect to the first or second recording layer 24 or 26 is 
controlled on the basis of a control signal obtained by 
detecting the light quantity of the return laser beam re- 
flected from the first or second recording layer 24 or 26 

15 of the optical disc 21 . 

[0063] The optical disc 21 is rotationally driven by the 
spindle motor 50 and the optical pickup 32 Is driven. 
Then the laser beam L is emitted from the optical pickup 
32, and the first or second recording layer 24 or 26 of 

20 the optical disc 21 is scanned with the laser beam L. 
Then, the return laser beam L from the first or second 
recording layer 24 or 26 is detected by the photodetector 
36. The detection signal detected by the photodetector 
36 is supplied to an RF amplifier 38. The RF amplifier 

25 38 carries out arithmetic processing on the detection 
signal supplied from the photodetector 36, thereby ex- 
tracting a reproduction RF signal, a tracking error signal 
TE, a focusing error signal FE, a reflected light quantity 
detection signal RL, and group information GFM, which 

30 is the absolute position information recorded on the op- 
tical disc 21 . 

[0064] The extracted reproduction RF signal is sup- 
plied to an encoder/decoder section 39. The tracking er- 
ror signal TE, the focusing error signal FE, and the re- 

35 fleeted light quantity detection signal RL are supplied to 
a control circuit 40. The group information GFM Is sup- 
plied to an address decoder 41 . 
[0065] In this optical disc reproducing device, the first 
or second recording layer 24 or 26 Is selected on the 

40 basis of the reflected light quantity detection signal RL 
supplied to the control circuit 40 and a selection com- 
mand for selecting the first or second recording layer 24 
or 26 from a system controller 42, and the objective lens 
35 Is controlled to the position for focusing the laser 

45 beam L emitted from the light source 34 to the first or 
second recording layer 24 or 26. For example, as the 
method for detecting the difference in reflected light 
quantity, it is possible to employ a method in which a 
peak value of the detection signal supplied from the pho- 

50 todetector36 is detected and compared with a reference 
value by the RF amplifier 38, or a method in which the 
detection signal from the photodetector 36 Is binarized 
by the RF amplifier 38 and in which comparison with the 
binarized signal is carried out. As a result of detection 

55 of the difference in reflected light quantity, the control 
circuit 40 detects which of the first recording layer 24 
and the second recording layer 26 of the optical disc 21 
the laser beam L is cast and focused on, and supplies 
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the result of detection to the system controller 42. The 
system controller 42 supplies a focusing offset value, 
that Is, a DC component of a focusing servo signal gen- 
erated on the basis of the focusing error signal FE sup- 
plied to the biaxial actuator 37, to the control circuit 40 s 
as a control signal so that the laser beam L Is focused 
on the recording layer selected on the basis of the result 
of detection supplied from the control circuit 40. The 
control circuit 40 switches the DC component of the fo- 
cusing sen/0 signal supplied to the biaxial actuator 37 
between the first recording layer 24 and the second re- 
cording layer 26 on the basis of the control signal sup- 
plied from the system controller 42. To the biaxial actu- 
ator 37, the focusing servo signal having the DC com- 
ponent corresponding to the recording layer on which 
the laser beam L is condensed is supplied from the con- 
trol circuit 40. As a result, only the DC component of the 
focusing servo signal is shifted in the direction parallel 
to the optical axis of the objective lens 35, and therefore 
the laser beam L emitted from the semiconductor laser 
34 is condensed on the selected one of the first record- 
ing layer 24 and the second recording layer 26. 
[0066] To the biaxial actuator 37, a tracking servo sig- 
nal generated on the basis of the tracking error signal 
TE is supplied from the control circuit 40. 
[0067] The control circuit 40 generates various servo 
driving signals in accordance with the focusing errorsig- 
nal FE and the push-pull signal PP supplied thereto, a 
track Jump command and an access command from the 
system controller 42 made up of a microcomputer, a ro- 
tation speed detection information from the spindle mo- 
tor 50 and the like. The control circuit 40 thus controls 
the biaxial actuator 37 and the pickup shift mechanism 
33 to carry out focusing and tracking control, and also 
controls the spindle motor 50 to rotate at a constant lin- 
ear velocity (CLV). 

[0068] The address decoder 41 decodes the groove 
information GFM supplied thereto and thus extracts ad- 
dress information. This address information is supplied 
to the system controller 42 and used for various control 
operations. 

[0069] The encoder/decoder section 39 binarizes the 
reproduction RF signal supplied from the RF amplifier 
38, then carries out demodulation, for example, by the 
EFM (eight to fourteen modulation) system, and further 
carries out decode processing for error correction by the 
CIRC (cross interleaved Read Solomon coding) system. 
The audio data on which EFM demodulation and de- 
code processing by CIRC have been performed by the 
encoder/decoder section 39 is temporarily written into a 
buffer memory 44 by a data transfer control section 43. 
The audio data road out from the buffer memory 44 Is 
supplied to an audio compression/expansion process- 
ing section 45. The audio data supplied to the audio 
compression/expansion processing section 45 is sup- 
plied to an audio output section 46. The audio output 
section 46 converts an audio sampling signal outputted 
from the audio compression/expansion processing sec- 



tion 45 into an audio signal in accordance with a refer- 
ence signal generated by a sampling reference signal 
generation section 47, and outputs the audio signal to 
the outside. 

[0070] In the case of reproducing the information re- 
corded on the recording layer having the lower reflect- 
ance, of the first and second recording layers 24 and. 
26, it is desired that the system controller 42 carries out 
control so as to Increase the gain of the reproduction RF 
signal. 

[0071] The optical disc 21 according to the present In- 
vention used for this optical disc reproducing device has 
the first recording layer 24 and the second recording lay- 
er 26, as described above. In this case, since the differ- 
ence in reflectance of 10% or more can be secured in 
the reflection from the first and second recording layers 
24 and 26 can be secured by setting the reflectance of 
the first recording Iayer24 and the second recording lay- 
er 26 so that the difference In reflectance for the laser 
beam L incident on the optical disc 21 is 15% or more, 
detection of the first or second recording layer 24 or 26 
can be securely carried out. 

[0072] The optical disc reproducing device according 
to the present invention controls the position of the ob- 
jective lens 35 in the focusing direction and thus selects 
the focal position of the laser beam L onto the first or 
second recording layer 24 or 26. Therefore, reproduc- 
tion of the Information recorded on the first and second 
recording layers 24 and 26 can be carried out by using 
the laser beam L with a single wavelength emitted from 
the single light source. 

[0073] In this case, if information is recorded onto the 
first and second recording layers 24 and 26 In the format 
of the conventionally used compact disc, a laser beam 
with a wavelength of 780 nm can be used and reproduc- 
tion can be carried out also in the conventionally used 
optical disc reproducing device. 
[0074] With the optical disc 21 according to the 
present Invention, If Information Is recorded onto only 
one of the first and second recording layers 24 and 26 
in the format of the compact disc, it is possible to repro- 
duce only the information recorded on the one recording 
layer 24 or 26 by using the conventionally used optical 
disc reproducing device. 

Industrial Applicability 

[0075] As described above, in the optical disc accord- 
ing to the present invention, the difference in reflectance 
is provided between the first and second signal record- 
ing layers of the multilayer structure, and the difference 
In light quantity of the return laser beams reflected from 
the first and second signal recording layers Is detected, 
thereby enabling selection of the first or second signal 
recording layer. Thus, it is possible to easily select the 
recording layer and carry out reproduction of informa- 
tion. 

[0076] Also, since reproduction of the information re- 



15 



20 



25 



30 



35 



40 



45 



50 



8 



BNSDOCID: <EP 1118987A1J.> 



15 



EP1 118 987 A1 



16 



corded on the first and second signal recording layer can 
be carried out by using a laser beam with the sanne 
wavelength, the structure of the optical disc device is 
simplified and the manufacture thereof Is facilitated. 



Claims 



protrusion pattern. 

7. The optical disc as claimed in claim 2, wherein the 
reflectance of the recording layer located farther 
5 from the substrate, of the first recording layer and 
the second recording layer, Is approximately 50% 
or higher. 



1 . An optical disc comprising: 

10 

a substrate; 

at least a first recording layer and a second re- 
cording layer provided as being stacked on one 
side of the substrate; and 

a protection layer for protecting the recording is 
layer located farther from the substrate, of the 
first recording layer and the second recording 

layer; 

wherein Ihe reflectance of one of the first re- 
cording layer and the second recording layer is 
made higher than the reflectance of the other 
recording layer. 

2. The optical disc as claimed in claim 1 , wherein the 
reflectance of the recording layer located farther 25 
from the substrate, of the first recording layer and 
the second recording layer, is made higher than the 
reflectance of the recording layer located closer to 
the substrate, of the first recording layer and the 
second recording layer. 30 



8. The optical disc as claimed in claim 2, wherein the 
reflectance of the recording layer located farther 
from the substrate, of the first recording layer and 
the second recording layer. Is approximately 70% 

or higher. 

9. The optical disc as claimed in claim 2, wherein the 
reflectance of the recording layer located closer to 
the substrate, of the first recording layer and the 
second recording layer, Is approximately 30% or 
lower. 

10. The optical disc as claimed in claim 2, wherein the 
difference between the reflectance of the first re- 
cording layer and the reflectance of the second re- 
cording layer is 15% or more. 

11. The optical disc as claimed in claim 1 , wherein the 

substrate is made of an optically transparent mate- 
rial with a thickness of approximately 1 .2 mm. 

12. An optical disc comprising: 



3. The optical disc as claimed in claim 2, wherein a 
recess/protrusion pattern is formed on the one side 
of the substrate and wherein the recording layer lo- 
cated closer to the substrate, of the first recording 3S 
layer and the second recording layer, is provided to 
cover the recess/protrusion pattern. 

4. The optical disc as claimed in claim 3, further com- 
prising an optically transparent layer provided be- 40 
tween the first recording layer and the second re- 
cording layer. 

5. The optical disc as claimed in claim 4, wherein the 

optically transparent layer is made of an optically ^5 
cured resin and has a further recess/protrusion pat- 
tern fomned on its surface facing the second record- 
ing layer, and wherein the second recording layer 
is provided to cover the further recess/protrusion 
pattern. so 

6. The optical disc as claimed in claim 4, wherein a 



further recess/protrusion pattern is formed on a sur- 
face of the protection layer facing the recording lay- 
er located farther from the substrate, of the first re- 
cording layer and the second recording layer, and 
wherein the recording layer located farther from the 
substrate is provided to cover the further recess/ 



a substrate; 

a first recording layer provided on one side of 
the substrate; 

a second recording layer provided in parallel to 
the first recording layer; and 
a protection layer for protecting the recording 
layer located farther from the substrate, of the 
first recording layer and the second recording 
layer; 

wherein the reflectance of one of the first re- 
cording layer and the second recording layer is 
made higher than the reflectance of the other 
recording layer. 

13. The optical disc as claimed in claim 1 2, wherein the 
reflectance ofthe recording layer located farther 
from the substrate, of the first recording layer and 
the second recording layer, is made higher than the 
reflectance of the recording layer located closer to 
the substrate, of the first recording layer and the 
second recording layer 

14. The optical disc as claimed in claim 13, wherein a 
55 recess/protrusion pattern is formed on the one side 

of the substrate and wherein the recording layer lo- 
cated closer to the substrate, of the first recording 
layer and the second recording layer, Is provided to 
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cover the recess/protrusion pattern. 

15. The optical disc as claimed In claim 1 4, further com- 
prising an optically transparent layer provided be- 
tween the first recording layer and the second re- 
cording layer 

1 6. The optical disc as claimed in claim 1 5, wherein the 
optically transparent layer is made of an optically 
cured resin and has a further recess/protrusion pat- 
tern fonned on its surface facing the second record- 
ing layer, and wherein the second recording layer 
is provided to cover the further recess/protrusion 
pattern. 

17. The optical disc as claimed in claim 16, wherein a 
further recess/protrusion pattern Is formed on a sur- 
face of the protection layer facing the recording lay- 
er located farther from the substrate, of the first re- 
cording layer and the second recording layer, and 
wherein the recording layer located farther from the 
substrate is provided to cover the further recess/ 
protrusion pattern. 

18. The optical disc as claimed in claim 13, wherein the 
reflectance of the recording layer located above, of 
the first recording layer and the second recording 
layer, is approximately 50% or higher. 

19. The optical disc as claimed in claim 13, wherein the 
reflectance of the recording layer located above, of 
the first recording layer and the second recording 
layer, is approximately 70% or higher. 

20. The optical disc as claimed in claim 13, wherein the 
reflectance of the recording layer located closer to 
the substrate, of the first recording layer and the 
second recording layer, is approximately 30% or 
lower. 

21 . The optical disc as claimed in claim 1 2, wherein the 
difference between the reflectance of the first re- 
cording layer and the reflectance of the second re- 
cording layer is approximately 15% or more. 

22. The optica! disc as claimed in claim 12, wherein the 
substrate is made of an optically transparent male- 
rial with a thickness of approximately 1 .2 mm. 

23. An optical disc reproducing device comprising: 

a single light source for omitting a light beam to 
be cast onto an optical disc, the optical disc 
comprising a substrate, at least a first recording 
iayer and a second recording layer provided as 
being stacked on one side of the substrate, and 
a protection layer for protecting the recording 
layer located farther from the substrate, of the 



first recording layer and the second recording 
layer, wherein the reflectance of one of the first 
recording layer and the second recording layer 
is made higher than the reflectance of the other 
5 recording layer; and 

a single objective lens for condensing the laser 
beam emitted from the light source to the first 
recording layer or the second recording layer 
via the substrate. 

10 

24. The optical disc reproducing device as claimed in 
claim 23, further comprising: a photodetector for re- 
ceiving a return light from the first recording layer 
or the second recording layer; a driving section for 

15 driving the objective lens at least in a direction par- 
allel to the optical axis of the objective lens; and a 
control section for controlling the driving section to 
condense the light beam emitted from the light 
source onto either the first recording layer or the 

20 second recording layer. 

25. The optical disc reproducing device as claimed in 
claim 24, wherein the control section discriminates 
which layer of the first recording layer and the sec- 

2s ond recording layer the light beam emitted from the 
light source Is cast on, on the basis of a detection 
signal from the photodetector, and generates a driv- 
ing signal to be supplied to the driving section on 
the basis of the result of the discrimination. 

30 

26. The optical disc reproducing device as claimed in 
claim 25, wherein the control section has a driving 
signal generation section for generating a driving 
signal for driving the objective lens in parallel to the 

35 optical axis on the basis of a detection signal from 
the photodetector, and a control signal generation 
section for generating a control signal for controlling 
a DC component of the driving signal on the basis 
of the result of the discrimination. 

40 

27. The optical disc reproducing device as claimed In 
claim 25, wherein the control section discriminates 
which recording layer of the first recording layer and 
the second recording layer the light beam emitted 

^5 from the light source Is cast on, on the basis of the 
difference In reflected light quantity based on a de- 
tection signal from the photodetector 

28. The optical disc reproducing device as claimed in 
so claim 23, wherein the reflectance of the recording 

layer located farther from the substrate, of the first 
recording layer and the second recording layer of 
the optical disc, is approximately 50% or higher 

55 29. The optical disc reproducing device as claimed in 
claim 23, wherein the reflectance of the recording 
layer located farther from the substrate, of the first 
recording layer and the second recording layer of 
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the optical disc, is approximately 70% or higher. 

30. The optical disc reproducing device as claimed In 
claim 23, wherein the reflectance of the recording 
layer located closer to the substrate, of the first re- 5 
cording layer and the second recording layer of the 
optical disc, is approximately 30% or lower. 

31. The optical disc reproducing device as claimed in 
claim 23, wherein the difference in reflectance be- io 
tween the first recording layer and the second re- 
cording layer of the optical disc is approximately 

1 5% or more. 

32. An optical disc reproducing method comprising the is 
steps of: casing a light beam emitted from a single 
light source to a first recording layer or a second 
recording layer of an optical disc via a single objec- 
tive lens, the optical disc comprising a substrate, at 
least the first recording layer and the second record- 

ing layer provided as being stacked on one side of 
the substrate, and a protection layer for protecting 
the recording layer located farther from the sub- 
strate, of the first recording layer and the second 
recording layer, wherein the reflectance of one of 25 
the first recording layer and the second recording 
layer is made higher than the reflectance of the oth- 
er recording layer; 

discriminating which of the first recording layer 30 
and the second recording layer the light beam 
emitted from the light source is cast on, on the 
basis of the result of detection of a reflected 
beam from the first recording layer or the sec- 
ond recording layer; and 35 
moving the objective lens in a direction parallel 
to the optical axis of the objective lens on the 
basis of the result of discrimination so as to con- 
dense the light beam emitted from the light 
source onto the first recording layer or the sec- 
ond recording layer. 

33. The optical disc reproducing method as claimed In 
claim 32, wherein which recording layer of the first 
recording layer and the second recording layer the 45 
light beam emitted from the light source is cast on 

is discriminated on the basis of Ihe difference in re- 
flected tight quantity based on a detection signal ob- 
tained by detecting a reflected beam from the first 
recording layer or the second recording layer. so 
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